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Introduction
The International Jobs and Economic Development Impacts (I-JEDI) model is a freely available economic model that estimates gross 1 economic impacts from wind, solar, bipower, and geothermal energy projects for several different countries. Building on the original JEDI model, 2 which was developed for the United States, I-JEDI was developed under the USAID Enhancing Capacity for Low Emission Development Strategies (EC-LEDS) program to support countries in assessing economic impacts of LEDS actions in the energy sector.
I-JEDI estimates economic impacts by characterizing the construction and operation of energy projects in terms of expenditures and the portion of these expenditures made within the country of analysis. These data are then used in a country-specific inputoutput (I-O) model to estimate employment, earnings, gross domestic product (GDP), and gross output impacts. Total economic impacts are presented as well as impacts by industry.
This user guide presents general information about how to use I-JEDI and interpret results as well as detailed information about methodology and model limitations. Any questions that are not addressed in this guide should be sent to jedisupport@nrel.gov.
The JEDI model has been used by academic institutions, consultancies, and governments to assess economic impacts of low-emission development projects in the energy sector. I-JEDI's interface has been designed to allow users of different expertise levels to work with the model seamlessly. Users with more experience and sophisticated knowledge will be able to tailor their analyses more finely, but even firsttime users will be able to obtain and interpret results in short time.
JEDI History and Validity
The JEDI models have been used in many high-profile studies such as the U.S. Department of Energy (DOE) Wind Vision study (DOE 2015) and the DOE Hydropower Vision study (DOE 2016) as well as in peer-reviewed journal articles such as Barbose et al. (2016) and Wiser et al. (2016) . JEDI has also been used in numerous other studies by academic institutions, consultancies, and governments.
JEDI results in the United States have been vetted, and they typically conform to employment figures reported in press releases by developers and operators, and impact estimates are similar to those found by other researchers (Billman and Keyser 2013) . To get more information on I-JEDI in the context of EC-LEDS and to access an online I-JEDI tutorial, visit https://www.ec-leds.org/tools-page/development-impact-assessmenttools.
Using I-JEDI
The interface of the I-JEDI model includes worksheets for each technology (solar, wind, biopower, and geothermal) as well as a "General Impacts Estimate" tab that is not technology-specific ( Figure 1 ). These tabs are used to characterize projects and view results.
Figure 1. I-JEDI Worksheets
Each energy technology uses two worksheets: an input worksheet and a results worksheet. Project inputs worksheets are used to develop project characteristics while the results sheet shows gross economic impacts of the project in question. For each project, the user must select a country of analysis and dollar-year. 7 Dollaryears beyond what are available at the time of the model publication assume 2% annual inflation. The latest year of data can be found in the "Default Data" worksheet. Estimated data are highlighted in blue and actual data are highlighted in brown. Countries other than Colombia, Mexico, South Africa, the Philippines, and Zambia can be used by entering direct and total requirements and data in the "CustomRegion" worksheet. This is further explained in the "Entering Custom Regions" (below).
I-JEDI calculates only the economic impacts that occur within the country being analyzed. Therefore, the percentages of goods, workers, and services manufactured, residing, and purchased domestically (see Column C of the Project Inputs tabs) affect the calculation of total economic impacts.
The results worksheet displays basic information about a project and the calculated economic impacts for it. Figure 3 shows total estimates for a 500-megawatt (MW) biopower project. In addition to total estimates, estimates by industry are also shown. All estimates are linear and proportional. In other words, the results per MW would be the same as long as the costs per MW and local content numbers were the same. The "Limitations and Interpretation of Results" section (below) contains an explanation of these impacts.
Figure 3. Example of I-JEDI Results
The "General Impact Estimates" worksheet differs from the technology-specific worksheets (Wind, Solar, Geothermal, Biopower). It does not contain line items for expenditures such as wind turbines or photovoltaic panels. Rather, it contains a set of industries that are included in the selected country's I-O table. This allows model users to estimate impacts for technologies that are not included in I-JEDI or estimate negative project impacts. In this case, expenditures in the "General Impact Estimates" worksheet need to be tied to specific industries. Purchases from a mining company, for example, would be entered as payments to the "Mining and quarrying" industry. Only payments within the country of analysis should be entered.
Entering Custom Regions
Countries or regions that are not included in the default set of I-JEDI countries can be used for analysis. Custom region worksheets are structured exactly the same as the included country worksheets (e.g., "Colombia-IO-Data"). These country worksheets can be used as a template or guide for CustomRegion Worksheets 1 and 2.
Methodology I-O Methodology
I-O models are based on social accounting matrices that contain sales and purchases made by sectors of the economy such as industries, households, investors, governments, and the rest of the world (via imports and exports). Each sector contains a "basket of goods" that includes either expenditures or inputs for production. For example, manufacturers of generators may purchase copper wire from the copper wire manufacturing sector. The wire is an input purchased by the generator manufacturer as well as an output produced by the copper wire manufacturer. 9
This comprehensive representation of inputs and outputs allows modelers to study complex interactions between industries and to estimate a comprehensive set of results that could arise as a result of a modeled expenditure.
The appendix contains additional information about I-O methodology, including the linear algebra used to estimate results.
Default Data
Default data included in I-JEDI allow for analysis of projects without detailed knowledge of either project costs or where components or other inputs are purchased. These are general estimates that do not account for factors that could influence project impacts such as economies of scale, developer preferences, or country-specific factors such as roads or other infrastructure that may need to be built to access site locations or connect generation facilities with the grid. As mentioned above, model users can modify default data when they have better or more current data.
Default data in the I-JEDI model come from several sources, including energy organizations, research institutions, and consultants (see References and Bibliography). Default data reflects the costs of larger-scale systems, rather than distributed generation. Over the life of the I-JEDI model, these sources are likely to be updated. (Chikuba et al. 2013 ). These tables do not report average earnings per job by industry, which are required to calculate employment.
When earnings and employment are collected separately from social accounting data, estimates may require generalization to conform to the social accounting data. For example, if a country reports only earnings and employment for the manufacturing industry while the social accounting data contain 16 different manufacturing industries, earnings would have to be generalized and all of these sectors would have the same average earnings and employment. If a manufacturing worker earned $20,000 annually, $20,000 in computer and electronics manufacturing would support one job, as would $20,000 in textile manufacturing. This is simply a limit caused by a lack of available data. As data become available these parameters will be updated and improved. 10 Data sources for cost estimates are included in the "Default-Data" worksheet of I-JEDI. These may change over time and sources will be updated in the model; the most current sources should come from the model itself rather than this user guide.
Default construction and installation costs were derived from a blend of sources including Bloomberg New Energy Finance, the International Renewable Energy Agency, and the International Energy Agency. In all cases, proprietary data were used in conjunction with other estimates and extrapolations in a way that would not allow third parties to reverse-engineer such data. The default data are not proprietary in any way and can be altered by model users with different information.
For wind and solar default values, NREL used the most up-to-date data available. In some cases, installation cost data were not available. Most commonly, this was because there were not a sufficient number of installations in certain countries to adequately inform cost data. For example, solar photovoltaics (PV) development in Colombia is still in its initial stages. In such cases, NREL used data from countries with similar resources, renewable energy goals, and long-term renewable energy deployment estimates, and adjusted these as necessary.
Installation costs of biomass projects have not changed as rapidly as wind and solar. For this reason, NREL used cost data from 2012 and 2010 (see Bibliography). The biomass cost data used in I-JEDI reflect the changes in biomass price due to the particular characteristics of the countries in the model such as prevailing prices.
Geothermal drilling estimates were obtained from Kipsang (2015) . There is limited information about drilling costs in different countries, although information about costs of oil and gas exploration is available (Kristopher 2016) . While the costs of the two activities do not always compare well (Augustine et al. 2006) , they do share many similarities such as rig availability, which can affect project feasibility and cost. Drilling costs were adjusted based on these differences, which are between 77 and 98 percent of costs in the United States. Other costs such as the costs of globally sourced equipment were estimated using calculations from the JEDI Geothermal Model (Johnson et al. 2012 ) and, when possible, using country-specific inputs such as labor costs.
Model users are also encouraged to enter their own cost and domestic content data when such information is available, as default estimates are generalized. These defaults are also linear, so the same cost per megawatt would be applied to small and large projects alike. 10
Limitations and Interpretation of Results
Definitions of Impact Metrics
I-JEDI reports results similarly to most I-O analyses, using direct, indirect, and induced impacts. Impacts cover both construction and operation of projects.
Project expenditures themselves are known as the direct impact. Spinoff economic activity among industries that could occur as a result of these expenditures is the indirect impact. In the example of the generator manufacturer that purchases copper wire, the direct effect would be the purchase of a generator and the indirect effect would be the purchase of copper wire by the generator manufacturer. Indirect effects could include business-to-business services, natural resources, and any other activity that is supported by industry expenditures. Other indirect economic impacts from the example above include purchasing a coil-winding machine and hiring a consultant to diagnose faulty generators. The induced impact is activity that could occur from household expenditures made by worker earnings that are supported by direct and indirect impacts. For example, if workers from the generator manufacturer and the wire manufacturer go to a restaurant, their payments to the restaurant would be the induced impact. In I-JEDI, the direct impact is the set of expenditures to construct or operate an energy facility. For example, a solar photovoltaic project could include payments to the installer, cost for mounting hardware purchased locally, and engineering costs. Indirect impacts might include things such as accounting services, utilities, and raw materials. Induced impacts are supported by the direct and indirect workers.
I-JEDI also reports jobs, earnings, GDP, and gross output. Jobs reflect a given level of employment for average earnings reported by each country. For example, if a country reported average annual earnings of $10,000 per job in the agricultural industry, earnings of $20,000 would support two jobs. Earnings are all compensation for work, including benefits. GDP, also called value added, is the value of an industry's production to the country of analysis. It consists of labor payments, property-type income (including profits), and taxes. Gross output is a measure of overall economic activity. It consists of value added as well as all transactions between industries for inputs.
Results
I-JEDI estimates only the economic impacts of an activity within the country of analysis. Domestic content percentages (set in Column C of each "Inputs" worksheet) limit the direct effects to expenses made within the country (e.g., domestic services and equipment purchased domestically). Additionally, the I-O data account for imported inputs or household expenditures on imported products when calculating indirect and induced impacts.
Domestic content percentages only apply to direct effects. If a generator is purchased from a local manufacturer that imports its copper wire, the domestic content of the generator purchase should be entered as "100%." The I-O model would factor in the copper wire imports.
Construction impacts differ from operation and maintenance impacts in time scale. Construction impacts are made only once, and results are for the equivalent of one year. For example, if I-JEDI reports that a project supports 500 jobs during construction but construction actually takes two years, this represents an average of 250 jobs annually during the two-year construction period. Operations and maintenance expenditures are made annually, so operations and maintenance impacts are considered to continue for the life of the project. For example, if a wind plant with a 25-year life span supports 100 jobs, this represents an annual average of 100 jobs for 25 years.
Limitations
As with any economic model, I-JEDI has limitations, and results should be interpreted in the context of these constraints.
User Guide for the International Jobs and Economic Development Impacts Model I-JEDI results are gross, not net. Impact estimates for each technology do not factor in far-reaching effects such as displaced economic activity or alternative uses for project funds. For example, if a wind plant replaces a coal plant, the closure of the coal plant would not be included in estimated results.
Because I-JEDI results are linear and proportional, the estimated economic impacts of ten 1-MW plants would be the same as those of one 10-MW plant.
With solar PV, defaults do not distinguish between residential rooftop, commercial rooftop, or utility-scale solar PV. Because these defaults are averages, defaults reflect what is primarily installed in the country of analysis. If there is primarily utility-scale PV with few rooftop installations in the country, default costs reflect utility-scale PV.
I-JEDI also does not estimate impacts from changes in prices, utility rates, taxes, or wages. If utility rates increase to fund a project, for example, the model does not estimate impacts of these changes. If taxes were used for a project, rather than some other use, the model would not estimate the impact of that alternative use of taxes.
I-JEDI does not estimate constraints in resources, which can also be associated with price increases. The model assumes that all inputs, including necessary labor and investment, are available and at the same cost regardless of the quantity needed.
Many factors could drive project costs higher or lower than default data in I-JEDI. For example, constructing roads to transport wind turbines increases costs but is not included in the default data. Project costs can also vary with developer preferences and practices, such as whether manufactured components are purchased locally or imported. Model users are encouraged to enter their own data or verify that default data are accurate-to the extent possible-for the project or set of projects being modeled. 11
The I-O tables are also a limiting factor, as they represent an estimate of the structure of an economy in a given year and are subject to change. Technology, relative price changes, and several other factors drive these changes. For example, a price of one input may drive a company to substitute a different input or change the location from which they purchase the input. This represents a limitation because data are often lagged for some time. I-O tables are generated using officially reported statistical data. These data do not include economic activity that is not tracked, such as black market or informal transactions. For this reason, these are not included in impact results.
Appendix: I-O Terminology and Algebra
An I-O model can be represented using linear algebra, although it is useful to present definitions of the data.
A social accounting matrix (SAM) is a table showing the transactions and transfers among all the different industries and institutions within the economy in a specific geographic area.
Gross output is a measure of total economic activity. It includes payments that industries and businesses make to one another for inputs used in production. Such inputs could include raw materials, services, or anything a business purchases to produce its products or services. Gross output also includes value added.
Value added, also known as gross domestic product or GDP, is the value of an industry's production to the country of analysis. It consists of labor payments, propertytype income (including profits), and taxes on production.
Intermediate inputs are payments that business or industries make to one another in order to operate.
Direct requirements are the proportion of intermediate inputs used in production.
Indirect impacts include only payments between industries while induced impacts include labor payments and household expenditures.
Final demand is demand for a good or service that is not an input to something else. For example, food purchased by households for personal consumption is part of final demand. Copper wire purchased by a generator manufacturer that is used in the motor is an input and not part of final demand.
Total requirements are what are multiplied by final demand to estimate gross output. A Type 1 total requirements matrix only includes industries while a Type 2 total requirements table includes labor payments and household expenditures.
In the algebra below, x represents an n·1 vector of gross output and is an n·n matrix of zeroes with x on the diagonal. Z is an n·n matrix of intermediate inputs, F is an n·1 vector of final demand, and A is the n·n direct requirements matrix. I is an n·n identity matrix.
Direct requirements can be estimated using:
Output is defined as intermediate inputs (Ax) and final demand (F):
